Key indicators: single-crystal X-ray study; T = 90 K; mean (C-C) = 0.005 Å; R factor = 0.052; wR factor = 0.109; data-to-parameter ratio = 17.2.
The title complex, [Cu(SO 4 )(C 10 H 9 N 3 )(CH 3 OH)], is a mononuclear species with the Cu II ion in a Jahn-Teller-distorted '4 + 1' square-pyramidal geometry. The basal plane is defined by the pyridyl N-atom donors of the bipyridylamine (bpa) ligand and two O-atom donors of the sulfate ligand. The coordination geometry is completed by the axial coordination of a methanol O-atom donor. The axial bond length displays the usual elongation: Cu-O(axial) = 2.168 (2), Cu-O(basal) = 2.016 (2) (average) and Cu-N(basal) = 1.951 (3) Å (average). In the crystal structure, the complex molecules are linked through N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen bonds into chains along [100] .
Related literature
For structures of other copper-bis(2-pyridyl)amine complexes, see: Fischer & Bau (1977) ; Kavounis et al. (1999) ; Youngme et al. (2005) . For solvatothermal chemistry of compounds containing copper-bis(2-pyridyl)amine subunits, see: DeBurgomaster et al. (2010) . For structural chemistry of the related tridentate ligand bis(2-pyridylmethyl)amine, see: Bartholomä et al. (2010a, b,c,d,e) . For copper-pyridyl subunits in the design of organic-inorganic hybrid materials, see: Armatas et al. (2005) ; Chesnut et al. (1999); Hagrman et al. (1999) .
Experimental
Crystal data [Cu(SO 4 Table 1 Hydrogen-bond geometry (Å , ).
Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz; (ii) x þ 1; y; z.
Data collection: SMART (Bruker, 1998) ; cell refinement: SAINT (Bruker, 1998) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: Crys-talMaker (Palmer, 2006) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) .
(Di-2-pyridylamine)(methanol)sulfatocopper(II) P. DeBurgomaster and J. Zubieta
Comment
In the course of our investigations of the design of materials constructed from metal oxide nodes linked through or decorated with copper-pyridyl subunits (Armatas et al. (2005) ; Chesnut et al. (1999) ; Hagrman et al. (1999) ), we prepared and investigated a series of dipodal ligands with bis(2-pyridylmethyl)amine termini (Bartholomä et al. (2010a,b,c,d,e) .
Since this ligand acts as a tridentate donor, the structural consequences of introducing an analogous bidentate ligand, such as bis(2-pyridyl)amine were of interest in expanding the structural data base. Representative examples of copper-bis(2pyridyl)amine complexes have been reported (Fischer & Bau (1977) ; Kavounis et al. (1999) ; Youngme et al. (2005) ), as well as {Cu(bpa)} 2+ subunits in metal oxide complexes (DeBurgomaster et al. (2010) ). As shown in Fig. 1 , the mononuclear complex exhibits copper(II) sites in a distorted '4 + 1' square pyramidal geometry. The basal plane is defined by the pyridyl nitrogen donors of the bis(2-pyridyl)amine ligand and two sulfato oxygen donors, while the apical position is occupied by the oxygen donor of the methanol ligand. The bond lengths demonstrate the lengthening of the axial Cu-O bond with respect to the bonds in the basal plane: Cu-N1, 1.946 (3) Å; Cu-N2, 1.955 (3) Å; Cu-O1, 2.004 (2) Å; Cu-O2, 2.027 (2) Å; Cu-O5, 2.168 (2) Å. The structure is stabilized by intermolecular hydrogen-bonding between the amine N-H group and a pendant sulfate oxygen and between the methanol O-H group and the pendant sulfate oxygen (Fig. 2) . This results in a one-dimensional hydrogen-bonded double chain parallel to the [100] direction ( Fig. 3) .
Experimental
Synthesis of [Cu(SO 4 )(C 10 H 9 N 3 )(CH 3 OH)]. A solution of Cu(SO 4 ).5H2O (0.250 g, 1.0 mmol) and bis(2-pyridyl)amine (0.171 g, 1.0 mmol) in 10 ml of methanol was heated to 75° C for 48 h (initial and final pH, 4.0). Blue crystals of the product were isolated in 25% yield. Anal. Calcd. for C 11 H 13 CuN 3 O 5 S: C, 36.4; H, 3.58; N, 11.6. Found: C, 36.2; H, 3.69; N, 11.5 .
Refinement
Pyridyl hydrogen atoms were discernable in the difference Fourier map. The hydrogen atoms were placed in calculated positions with C-H = 0.95 Å and included in the riding model approximation with U iso (H) = 1.2U eq (C). The amine hydrogen atom and the hydrogen associated with the oxygen of the methanol molecule were also found on the difference Fourier map.
These were included in the coordinate riding approximation with U iso (H) free to vary. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Cu1 0.64877 (5) 0.27906 (3) 0.05295 (2) 0.00870 (12) S1 0.37436 (10) 0.16887 (7) 0.11547 (4) 0.00900 (16) 
Geometric parameters (Å, °)
Cu1-N1 1.946 (3) C1-H1 0.9500 Cu1-N3 1.955 (3) C2-C3 1.394 (5) Cu1-O1 2.004 (2) C2-H2 0.9500 Cu1-O2 2.027 (2) C3-C4 1.370 (5) Cu1-O5 2.168 (2) C3-H3 0.9500 S1-O4 1.439 (2) C4-C5 1.398 (5) S1-O3 1.482 (2) C4-H4 0.9500 S1-O1 1.504 (2) C6-C7 1.401 (4) S1-O2 1.511 (2) C7-C8 1.375 (5) O5-C11 1.434 (4) C7-H7 0.9500 O5-HO5 0.8923 C8-C9 1.402 ( 
